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| MATERIALS AND METHODS

| Participants and study design
Full details concerning recruitment of participants and study design of the University of Manchester Longitudinal Study of Cognition in Normal Healthy Old Age has been previously described. 17 For the present study, one specific questionnaire, the Cornell Medical Index (CMI) was used to gain insight into each individual's medical history and lifestyle.
The CMI questionnaire was administered to all participants up to five times between 1994 and 2007. The CMI included detailed checklists of physical and mental problems for each individual to complete.
The area of interest for the present study was whether they had ever received head injury with loss of consciousness (HI-LOC). The question was posed in the CMI questionnaire as "Were you ever knocked unconscious?" A positive indication on any of the CMI tests was recorded. CMI scores have been validated against clinical examinations in a number of previous studies. 18 Cognitive status at death was ascertained using a combination of last score on the modified Telephone Interview for Cognitive Status (TICSm) before death, patient notes obtained via participants' general practitioner, and cause of death as recorded on the death certificate. A TICSm score of below 21 was used to define cognitive impairment. 19 Individuals were assigned either normal for age (at death) or cognitively impaired.
| Pathological methods
A total of 312 individuals consented to donate their brain after death, and so far, 110 of these brains have been collected. A full description of the pathological methods and the overall neuropathological profile of the cohort has been previously described. 20 Paraffin sections (6 μm) were immunostained for Aβ (Cambridge Bioscience, clone 4G8, 1:3000) and tau proteins phosphorylated at Ser202 and Thr205 (P-tau) (Innogenetics, clone AT8, 1:750). For antigen retrieval, sections were either immersed in 70% formic acid for 20 minutes (for Aβ) or microwaved in 0.1M citrate buffer, pH 6.0 (for tau) prior to incubation with primary antibody.
Alongside regional, semiquantitative pathology scores (Table S1 ), a CERAD score, Thal phase, and Braak stage were assigned to assess AD pathology.
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| Statistical analyses
Chi-squared test was used to analyse whether there were differences in sex, age group at death (younger than 90 y vs older than 90 y) and cognitive impairment between those who has suffered HI-LOC and those who had not.
To assess the impact of HI-LOC on AD pathology, a positive indication of HI-LOC was correlated with regional pathology, CERAD score, Thal phase, and Braak stage (Spearman rank correlation).
A P value of <.05 was considered significant.
| RESULTS
Demographics and characteristics of the University of Manchester
Longitudinal Study of Cognition in Normal Healthy Old Age cohort are shown in Table 1 . Of the 110 individuals in the study, 30 (27%)
had reported a prior HI-LOC. Females outnumbered males by approximately 2:1. The median age at death for the cohort was 89 years old, and there was approximately equal numbers of individuals in the assigned age groups of younger than 90 years old and 90 years old or older. Most participants were considered cognitively normal at death, but there was a sizable subset (39%) of individuals who were found to be cognitively impaired at death. No significant differences were found between those who had experienced HI-LOC and those who had not for sex, age group at death, or cognitive status.
Key points
• Single incidences of head injury with loss of consciousness may not be sufficient to cause the pathology associated with late-stage Alzheimer disease.
• It is possible that other pathologies are involved in causing the cognitive impairment associated with head injury such as the pathology associated with Parkinson disease.
• Further study is needed to elucidate the relationships between head injury and Alzheimer disease pathology
The relationship between HI-LOC and occurrence of AD pathology is shown in Figure 1 and Table 2 .
No significant correlations were found between head injury groups and any of the semiquantitative scores for regional AD pathology.
CERAD stage A, which corresponds to uncertain evidence of AD in the over 75-year-old age group, was most common in both individuals with HI-LOC and those with no history of HI-LOC. No significant correlation was found between head injury groups and CERAD score (r s = .077, P = .422).
In those without history of HI-LOC, Thal phase 0 was most common although a significant proportion (23%) exhibited Thal phase 3.
In those with HI-LOC, Thal phase 3 was most common. However, there was a lack of correlation between head injury groups and Thal phase (r s = .095, P = .322).
Braak stage II was found to be most common in both those with and without HI-LOC. Again, no significant correlation was found between head injury groups and Braak stage (r s = .078, P = .425). and lack of knowledge of exact date and nature of head injury, our findings mirror those found in the two larger, well-powered clinicopathological studies 14 and suggest that HI-LOC may not be a risk factor for increased severity of AD-associated neuropathological lesions. It is worthy of note that those with HI-LOC were most commonly found to be at Thal phase 3 (although there was no significant correlation found). Thal stage assesses total Aβ deposition, and Thal phase 3 can be considered a "crossover" phase as both those with and those without cognitive impairment have been found to exhibit this feature. 
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